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Plant allelochemicals from essential oils have recently received considerable attention in 
pharmaceutical, cosmetic and agricultural sectors due to their biodegradability and low toxicity. This 
study analyzed the composition of essential oils of Pinus caribaea Morelet var. hondurensis needles. 
Thirty-nine compounds were identified using gas chromatography/mass chromatography and gas 
chromatography, and the most abundant components were limonene (38.6%), α-pinene (27.6%), 
borneol (6.7%) and myrcene (3.5%). Aristolene, ledol and guaiol were reported for the first time in 
P. caribeae needles. Composition of the needles was dominated by monoterpene hydrocarbons 
(77.2%) followed by oxygenated monoterpenes (12.0%), sesquiterpene hydrocarbons (4.7%) and 
oxygenated sesquiterpenes (1.7%).  
________________________________________________________________________________ 
Introduction 
There has been renewed interest in utilization of 
allelochemicals and signaling compounds from 
aromatic plants for various purposes due to their 
desirable biological and medicinal properties [1]. 
In plants, these chemicals are produced as 
secondary metabolites. Allelochemicals, for 
example, participate in defense of plants against 
microbial attack, competition with other plants 
(allelopathy) as well as guard against predation 
by herbivores [2]. Essential oils is the broad 
group where these chemicals are derived from 
and have been a subject of obsessive research 
over the past decades. 
In continuity of our studies on identification and 
characterization of bioactive compounds in 
medicinal plants utilized in East Africa [3-5], we 
characterized the phytochemicals in essential oils 
of Pinus caribaea needles from Uganda. Pinus 
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caribaea Morelet is a resinous tree with 
evergreen needles and grows up to 30 m. On the 
phytochemistry of its needle oils, there are a few 
reports from other countries outside East Africa 
[6-10].  
Experimental part 
Fresh P. caribaea needles (3 kg) were collected 
from Ferdsult Pine Forest, Luwombo village, 
Buikwe district of Uganda from identified 
cultivated plants. Needles were collected from 
various parts of the crowns to overcome plant 
plasticity phenomena [11, 12]. They were 
identified as P. caribaea Morelet var. 
hondurensis by a botanist at Makerere University 
Herbarium where a voucher sample (No. JM-
001) was deposited.   
Aliquots (500 g) of crushed needles were 
hydrodistilled using a modified Clevenger-type 
apparatus for 3 hrs. The oil was dried using 
anhydrous sodium sulfate and stored in amber 
bottles away from UV light at 4℃.  
Gas chromatography/mass spectrometry analysis 
was carried out with an Agilent 5975 GC/MSD 
system. One mL of the oil was withdrawn by an 
auto-sampling system. Innowax FSC column (60 
m × 0.25 mm, 0.25 mm) was used with helium as 
the carrier gas (0.8 mL/min). GC oven 
temperature was kept at 60°C for 10 minutes, 
programmed to 220°C at a rate of 4°C/min, kept 
constant at 220°C for 10 minutes, and then 
programmed to 240°C at a rate of 1°C/min. Split 
ratio was adjusted at 40:1. The injector 
temperature was set to 250°C. Mass spectra were 
recorded at 70 eV. GC analysis was carried out 
using an Agilent 6890N GC system. The flame 
ionization detector temperature was set at 300°C. 
To obtain the same elution order with GC/MS, 
simultaneous autoinjection was done on a 
duplicate of the same column applying the same 
conditions described before. Relative percentage 
amounts of the separated compounds were 
calculated from FID chromatograms. 
Constituents were identified by comparison of 
their retention indices with those reported in 
literature [7, 13-20]. Matching against libraries 
such as Adams Library and those of reference 
compounds from NIST database were done.  
All extraction and analysis of essential oils were 
done in triplicate.  
Results and discussion 
The essential oil was a pale-yellow liquid with a 
strong aroma. The mean yield of the oils was 
0.33% (v/w). This is comparable to 0.02-1.0% 
reported for fresh needles of P. caribaea 
elsewhere [6-8]. A total of 39 compounds were 
identified and quantified, representing 95.6% of 
the oils (Table 1). Structures of the most 
abundant components are shown in Figure 1.  
The Pinus genus has been previously studied and 
the presence of essential oils, tannins, flavonoids 
and alkaloids reported [21, 22]. Analysis of the 
essential oils of P. caribaea needles in this study 
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identified 39 compounds. Aristolene, ledol and 
guaiol were reported for the first time in P. 
caribeae needles. 
Table 1. Phytochemicals identified in P. caribaea fresh 
needle oils from Uganda 
Peak Constituent  RI a Peak area (%) 
1 𝜶-Pinene 1032 27.6 ± 0.2 
2 𝛼-Thujene 1035 0.7  
3 Camphene 1076 1.6 ± 0.2 
4 Hexanal  1093 Trace 
5 𝛽-Pinene 1118 0.6 ± 0.1 
6 Sabinene 1132 0.9  
7 Myrcene 1174 3.5 ± 0.2 
8 𝛼-Phellandrene 1176  2.1 ± 0.2 
9 𝛼-Terpinene 1188 0.6 ± 0.1 
10 Limonene 1203 38.6 ± 0.1 
11 1,8-Cineole 1213 0.2 
12 𝛽-phellandrene 1218 1.0 ± 0.1 
13 𝛾-Terpinene  1255 Trace  
14 Trans-linalool oxide  1450 0.5 ± 0.1 
15 𝛼-Copaene 1497 0.3  
16 Camphor  1532 0.3 ± 0.1 
17 β-Cubebene 1547  Trace  
18 Linalool 1553 1.1 ± 0.2 
19 Aristolene 1589 0.9 ± 0.2 
20 Bornyl acetate 1590 1.1  
21 𝛽-Caryophyllene 1612 1.2 ± 0.1 
22 Citronellyl acetate  1668 0.4 
23 𝛼-Humulene 1687 0.2 ± 0.1 
24 𝛾-Muurolene 1704 0.3  
25 α-Terpinyl acetate 1709 Trace 
26 Borneol 1719 6.7  
27 Germacrene D 1726 0.8 ± 0.1 
28 𝛼-Muurolene 1740 0.3  
29 β-Selinene 1742 0.3  
30 Carvone 1751 0.2  
31 δ-Cadinene 1773 0.4 ± 0.1 
32 Trans-Carveol 1845 0.5  
33 p-cymen-8-ol 1864 0.1  
34 Cis-Carveol 1882 0.5 ± 0.2 
35 Geranyl butyrate 1901 0.2 ± 0.1 
36 Caryophyllene oxide 2008 0.2  
37 Ledol 2057 0.7  
38 Globulol 2098 0.8 ± 0.1 
39 Guaiol 2103 0.2 ± 0.1 
Monoterpene hydrocarbons 77.2% 
Sesquiterpene hydrocarbons 4.7% 
Oxygenated monoterpenes 12.0% 
Oxygenated sesquiterpenes 1.7% 
Total  95.6% 
 
Trace = < 0.01%. aRI = Retention index as determined on 
an Innowax FSC column. Peak area presented as mean ± 
standard deviation of triplicates.  
Figure 1. Structure of the major compounds identified in 
P. caribaea needle oils: (a) Limonene, (b) α-Pinene, (c) 
Borneol, and (d) Myrcene.  
The major components of the oils were limonene 
(38.6%), 𝜶-pinene (27.6%), borneol (6.7%) 
and myrcene (3.5%). Chowdhury et al. [8] 
reported similar results in which limonene was 
not detected in essential oils of P. caribaea resins 
but was the dominant component in the fresh 
needles (48.84%), dried needles (31.58%) and 
inflorescence (32.14%) followed by 
caryophyllene (23.82% and 14.45%), 
germacrene D  (8.40% and 2.59%) in fresh and 
dried needles respectively. In an earlier study in 
Nigeria [6], the major constituents of essential 
oils from P. caribaea air-dried needles were β-
phellandrene (67.9%), β-caryophyllene (10.2%) 
and 𝛼-pinene (5.4%). In another investigation, it 
was  reported that the major components of oils 
from fresh needles of P. caribaea in Nigeria were 
limonene (42%), 𝛽-phellandrene (24.4%) and 𝛽-
caryophyllene (7.6%) [7]. The differences in the 
chemical composition of the essential oils 
recorded in this study and those reported by 
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preceding authors could be because the climatic 
conditions and soil properties of Uganda (East 
Africa) is different from that of Bangladesh 
(South Asia) and Nigeria (West Africa). Previous 
studies support that the chemical composition of 
essential oils and oleoresins of pines exhibit 
qualitative and quantitative variations both 
between and within the same species [7, 10, 22-
30]. 
As reported for essential oils from other Pinus 
species [24, 30-32], the chemical composition of 
P. caribaea needles in this study was dominated 
by monoterpene hydrocarbons (77.2%) followed 
by oxygenated monoterpenes (12.0%), 
sesquiterpene hydrocarbons (4.7%) and then 
oxygenated sesquiterpenes (1.7%). The major 
constituents of the monoterpene hydrocarbons 
were limonene (38.6%), 𝛼-pinene (27.6%), 
myrcene (3.5%) and 𝛼-phellandrene (2.1%). 
Sesquiterpene hydrocarbons was dominated by 
𝛽-caryophyllene (1.2%), aristolene (0.9%) and 
germacrene D (0.8%). The dominant 
monoterpene hydrocarbon constituents in our 
study differed from those reported by Coppen et 
al. [23, 33, 34], Ekundayo [30], Dagne et al. [35], 
and Barnola and Cedeño [9] for the same species 
in which 𝛼-pinene (63.2–87.1%) was the major 
constituent. The abundance of monoterpenes in 
the essential oils of P. caribaea seems to be in 
congruence with published reports where 
limonene and 𝛽-phellandrene dominated [10, 36] 
and 𝛽-phellandrene occurred in non-
quantitatively larger amounts [36]. However, β-
myrcene, sabinene and other monoterpenoids 
that were prominent compounds in previous 
reports [9, 10, 36] were detected in lower 
quantities in this study, corroborating a recent 
observation [7]. Similarly, α-ocimene was not 
identified as one of the components, which is in 
good agreement with previous reports [10, 36].  
Such differences in the chemical composition of 
the essential oils may be attributed to factors such 
as part of the plant used, time of collection, plant 
disease, genetic factors (chemotype), soil and 
climatic conditions, and age of the plant [6, 7, 9-
12, 34, 36, 37]. For example, a study on P. 
caribaea (var. caribaea, var. bahamensis and var. 
hondurensis) xylem resins in different 
provenances of Zimbabwe [34] reported that  𝛼-
pinene (20.8-66.6%) and β-phellandrene (19.4-
59.9%) predominated and jointly accounted for 
80-90% of the total monoterpene hydrocarbons. 
Barnola et al. [37] reported that seasonal changes 
between dry and rainy seasons may be associated 
with the caryophyllene content variation (in 
conjunction with that of 𝛼-pinene) in Pinus 
caribaea needles. 
Considering the nature of the compounds 
identified, essential oils of P. caribaea needles 
could be used in food, pharmaceutical and 
cosmetic industries. Monoterpenes such as 
limonene, α-pinene, camphene and α-terpinene 
have been reported to have contact and fumigant 
toxicity against stored product pests [38, 39]. 
Limonene, the main component of the essential 
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oils has been previously reported to possess good 
repellent and toxic properties against several 
arthropods [40-42] and it is an ingredient of more 
than 15 insecticide products [43]. On the other 
hand, limonene and 𝛽-phellandrene are 
important constituents of fragrances, and are 
used as flavoring agents in food manufacturing 
as well as cosmetic industries [44, 45]. Essential 
oils of P. caribaea needles rich in 𝛽-phellandrene 
was reported to possess antibacterial activity 
against Pseudomonas aeruginosa [7].   
Conclusion 
The composition of essential oils of P. caribaea 
fresh needles grown in Buikwe district of Uganda 
is dominated by monoterpenes followed by 
oxygenated monoterpenes, sesquiterpenes and 
oxygenated sesquiterpenes. The current study, in 
part, supports the traditional use of P. caribaea 
needles as bioinsecticides for traditional 
management of maize and bean weevils in 
Uganda.  
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